Abstract. Reproductive male three-spined stickleback, Gasterosteus aculeatus, were presented with pairs of videotaped images of another male played back at three different colour intensities: brightly coloured, moderately coloured and dull. Males attacked all three images but the proportion of attacks each received depended on the other image with which it was simultaneously presented. The moderately coloured image received the majority of attacks when presented with the brightly coloured or dull image, whereas the latter two images were attacked equally when presented together. Thus, nuptial coloration increased the capacity of an opponent to elicit attack from males but this increase was not open-ended. A dual-effect explanation for these colour effects suggests that dull males stimulated relatively low levels of aggression and little fear, whereas brightly coloured ones stimulated a high level of aggression but a level of fear sufficient to inhibit full expression of attack. Moderately coloured males received the highest levels of attack presumably because they stimulated high levels of aggression but relatively little fear. This interpretation emphasizes the importance of intensity of nuptial coloration in stimulating aggression and fear in an opponent and the role that these tendencies may play in determining a male's response to rivals.
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More than a half-century ago, ter Pelkwijk & Tinbergen (1937) reported that crude dummies with red undersides evoked attack in territorial male sticklebacks, whereas dummies lacking red evoked little or no such response. From this observation, Tinbergen (1948 Tinbergen ( , 1951 concluded that the nuptial coloration of male sticklebacks, especially the red underside, functioned as a signstimulus for aggression in this species. Repeated citing of this example in textbooks (e.g. Marler & Hamilton 1966; Hinde 1970; McFarland 1985; Drickamer & Vessey 1992 ) led students of animal behaviour to accept the generality of these findings. Subsequent studies, however, failed to confirm that red undersides are a crucial feature for eliciting attack from male three-spined sticklebacks, Gasterosteus aculeatus (Muckensturm 1967 (Muckensturm , 1969 Peeke et al. 1969; Wootton 1971; Rowland 1982; Rowland & Sevenster 1985) .
Perhaps the most consistent finding from these studies is the variation in the male's response to nuptial coloration, even within the same study. Several explanations for this variation have been proposed, including differences in the intensity and extent of coloration of the dummies used, the illumination under which the fish were tested, the distance and method of dummy presentation, the experience and physiological state of the subjects, and genetically based differences among populations (Rowland 1982 (Rowland , 1994 Bakker & Sevenster 1983; Baerends 1985; Rowland & Sevenster 1985; Collias 1990) . None of these hypotheses has been explicitly tested, however, and the question of how nuptial coloration affects the behaviour of male sticklebacks continues to draw attention (e.g. Wootton 1976; Reiss 1984; Baerends 1985; Archer 1988; Barlow 1989; Collias 1990; Domjan 1993; Rowland 1994) .
The brightness of nuptial coloration in sticklebacks is positively correlated with the male's dominance status (Bakker & Sevenster 1983) and with his tendency to attack intruders (Rowland 1984; McLennan & McPhail 1989) . If coloration reflects the male's threat potential or resourceholding power (Parker 1974), we would expect brighter males to be more intimidating than less bright ones. Thus, the lesser threat posed by dull males should induce less fear and aggression, at least in males not yet caring for spawn. The present study tests the effects of nuptial coloration 0003-3472/95/070267+06 $12.00/0 1995 The Association for the Study of Animal Behaviour
